The microwave spectrum of 2-chloropyridine, 2-Cl(C 5 H 4 N), has been studied to determine the 35 C1,
Introduction
The chlorine nuclear quadrupole coupling of 2-chloropyridine has been reported by different authors [1, 2, 3] , The nitrogen hyperfine structure (hfs) has not been resolved so far. One aim of this work was the analysis of the 14 N-hfs and a comparison to that of pyridine to detect possible changes by the chlorine substitution. In the course of this work we examined if a change of the ring structure by substitution can be noticed. We further determined the rotational and centrifugal distortion constants, the former more precisely.
The spectrum of 2-chloropyridine consists of aand b-type transitions according to the dipole moments // fl =3.3D and /^=1.9D, which were calculated with the CNDO/2 method [8] assuming the /Q-structure (see below). The spectra were analysed in the following manner: For the transitions which show quadrupole hfs we subtracted the calculated frequency shifts obtained by the hfs analysis from the frequency of the components. For the hypothetical unsplit line frequency the arithmetic mean is taken. This was used as input data for the fourth order centrifugal distortion analysis [9] according to Watson's A reduction [10] .
Experimental Details and Analysis
2-chloropyridine was purchased from MerckSchuchardt, Hohenbrunn, and used without further purification. The spectra were measured with a microwave Fourier transform (MWFT) spectrometer constructed in Kiel in X [4] , Ku [5] and K [6] band from 8 to 26.5 GHz at sample pressures of about 0.5 mTorr (0.07 Pa) and temperatures between -16°C and -35 °C. Figure 1 shows an example of the MWFT spectra. The multiplets used for the hfs analysis were evaluated by a lineshape analysis [7] to account for the interference of neighbouring lines. The Tables 1 a-d contain a Both analyses were treated in an iterative manner until the coupling constants on one hand and the rotational and centrifugal distortion constants on the other hand converged to final values. The results of the centrifugal distortion analysis are shown in Table 2 . We transferred the distortion constants A K and Ö K from the 35 C1 species as fixed values to the 37 C1 species as we measured not a sufficient number of 37 C1 species transitions.
Molecular Structure
The small values of the inertial defects A -0.03816 (4) ferring structural parameters from pyridine, and hence, hope to get some idea whether any ring distortion needs to be considered to explain the rotational constants. Sorensen [11] and Mata [12] have determined complete /ystructures °f pyridine. Since /'s-structures do not reproduce rotational constants very well, we fitted the structural parameters of pyridine using the programm MWSTR [13] to the known rotational constants in order to discuss the structure of 2-chloropyridine with reasonable assumptions. Table 3 contains the coordinates of pyridine obtained this way. Compared to the r sstructures the ring is slightly expanded. This structure can reproduce the rotational constants of all isotopic pyridine species very well as shown in Table 4 a. With the assumption of this undisturbed pyridine ring the C-CI bond length and the angle < NC 2 C1 of 2-chloropyridine were fitted to the observed rotational constants of both species yielding >c 2 -ci= 1-718 A and < NC 2 C1 = 114.86° . Figure 2 shows the molecule in its principal axis system. The bond length C-Cl is shorter than that of chlorobenzene (/"c-ci = 1.7248(1) A [14] ), where a deformation of the benzene ring has been determined. For chlorobenzene the carbon atom bonded to the chlorine atom is shifted towards the centre of the ring by 0.015 A.
We could not detect this effect in the case of 2-chloropyridine since the proposed structure of Fig. 2 is able to reproduce all observed rotational constants quoted in Table 4 b.
Quadrupole Interaction
A first order hfs analysis [15, 16] was carried out using the basis F, = 7 + /(CI), F=F l + I(N) (J angular momentum, / spin operator). The coupling constants are given in Table 3 were transferred. The values of the bond length and angles were rounded. We take this as an indication that the electronic surrounding in both isotopes is equal and equally located in the principal axis systems.
Within a simple MO model [19] the chlorine coupling constants depend on the population of the valence shell p-orbitals and eQq m , the coupling contribution of one electron in a chlorine p.-orbital with the principal quantum number n = 3:
and cyclic permutations.
Identifying the p-orbital populations n g , g = The brackets indicate that the values were used for calibration.
The experimental data may be used for a further consideration. The difference of the populations n x -n y of the p x and p y orbital calculated with equation (1) and the experimental coupling constants is 0.054 for both isotopes with eQq m 109.74 MHz and 86.51 MHz whereas CNDO/2 predicts 0.0212. Following Gordy [22] the experimental population difference is equivalent to 5.4% double bond character. With the assumption that the C-Cl bond is formed by a partically s-hybridized 3p : orbital [23] with 15% s-contribution [24] the ionic character was found to be 21.3%. Since the applied theory gives only a rough picture of the bond we give no standard errors. The corresponding meso- The experimental double bond character is larger than that of 4-chloropyridine (4.2% [23] ) and 3-chloropyridine (2.9% [25] ). This sequence corresponds to that of the bromopyridines, whose double bond characters are somewhat smaller [26] ,
Excited Vibrational States
Waiden [3] has observed vibrational satellites of 2-chloropyridine ( 35 C1) and assigned them from considerations of intensity to the first excited vibrational state of the C-Cl out of plane vibration at 188 cm -1 [27] , We looked for the corresponding lines of the 37 C1 species, determined the rotational constants according to the rigid rotor model [28] and carried out a first order hfs analysis for both. The results summarized in Table 6 show a significant change of the rotational constant A whereas the nitrogen coupling constants are in rough agreement with the corresponding constants of the vibrational ground state. The chlorine coupling constants y aa and Xcc seem to be slightly affected by the vibration. The vibrational assignment is consistent with the inertial defects A = -0.6331 (1) amu A 2 and -0.6355(1) amu A 2 for the 35 C1 and 37 C1 species respectively since out of plane vibrations show a negative change with vibrational quantum numbers contrary to in plane vibrations [29] .
